ABSTRACT Data on respiratory symptoms and pulmonary function were obtained for 2736 Portland cement plant workers and 755 controls. Personal dust samples contained a geometric mean concentration of 0 57 mg/m3 for respirable dust and 2-90 mg/m3 for total dust. Cement workers and controls had similar prevalences of symptoms, except that 5 4% ofthe cement workers had dyspnoea compared with 2-7% of the controls. The mean pulmonary function indices were similar for the two groups. Among cement plant workers, the prevalence of chronic phlegm increased with tenure whereas the prevalence of wheezing increased with both tenure and current dust level. Other symptoms and pulmonary function indices were not significantly related to exposure.
Previous evidence for associations between exposure to Portland cement dust and either respiratory symptoms or functional impairment has been inconclusive. Both non-smoking and smoking Yugoslavian cement workers had a higher prevalence ofchronic bronchitis' and airflow obstruction2 than controls. In Egyptian cement workers the ratio of the forced expiratory volume in one second (FEV,) to the forced vital capacity (FVC) for 30-49 year old smokers in dusty jobs was significantly lower than for controls, although for smokers in other age groups and for non-smokers there were no differences. 3 No differences in spirometric measurements were found by comparing Danish cement workers with other blue collar workers with similar smoking habits. 4 Other studies of symptoms or ventilatory function have either lacked controls, failed to account for the effects of smoking, or both.9' Mention of brand names does not constitute endorsement by NIOSH.
Accepted 11 May 1987 We report here the results of a controlled cross sectional study of respiratory symptoms and ventilatory function in Portland cement plant workers conducted by the United States National Institute for Occupational Safety and Health (NIOSH) from 1979 to 1982. Radiographic findings will be the subject of a separate report.
Methods

STUDY POPULATION
From about 150 Portland cement manufacturing plants which employed between 100 and 500 people, 16 plants were randomly selected by stratifying on plant age-that is, the age of the oldest operating kiln-and the type of process (whether dry, wet, or both forms of raw materials were fed to the kiln). Table 1 shows the sample distribution. The number of workers per cell was approximately 10% of each cell's representation within the industry. All hourly and salaried workers were invited to take part except at one (16-5%) Symptoms, ventilatory function, and environmental exposures in Portland cement workers plant where, for convenience, only hourly production and maintenance workers were studied. 10 plants in various non-cement industries. About half worked in machine shop or assembly operations in machinery manufacturing plants whereas the rest were employed in bottling and distributing soft drinks, manufacturing electrical and electronic equipment, or in a dairy. Production workers from either entire plants or selected departments with at least 50 employees were invited for testing; office workers were excluded. We selected plants which had work environments that were relatively free from substantial respiratory hazards, although it was not our intention that the control group should work in a pristine environment. Since our primary aim was to study the effect of cement plant dust per se, we chose controls who had exposures to non-cement dust similar to those of the cement workers, about half of whom performed maintenance or laboratory jobs that exposed them to inhaled non-cement substances such as solvent vapours. Based on careful inspection of the control plants, we interviewers, and data were also obtained on demographic characteristics, occupational history, and smoking habits. A translation of the questionnaire was used for Spanish speaking subjects who were not fluent in English. Subjects were classified as "non-smokers" if they had never smoked, "ex-smokers" if they had stopped smoking cigarettes before their previous birthday, "smokers" if they had smoked cigarettes Jobs were classified according to the duties performed and the plant area with which they were associated. The plant areas, designated "raw," "clinker," "finished," and "mixed," reflected qualitative differences in the types of dust present. The raw area consisted of the quarry, primary crusher, raw mills, and raw material handling. The clinker area included the discharge end of the kiln and the clinker cooler. The finished area comprised the finished cement mills, blending, packing, storage, and loading. The mixed area included the yard, laboratory, offices, and plantwide maintenance and supervision. When the raw and finished mills were located together, they were considered to belong to the mixed area.
To determine the optimum strategy for sampling, a pilot environmental survey" was conducted at five cement plants outside the 16 plant sample. Workers from various jobs, shifts, and plant areas were randomly selected and sampled for respirable and total dust on two consecutive days over a four day period.
Analysis of components of variance showed that there was a large variation in respirable dust concentration from job to job and day to day but that intersubject variation alone was small. Thus dust exposure estimates could be based on either several measurements on one person or one measurement on each of several people.
Based on the results of the pilot study, four to six jobs per area were sampled in the full study. Within jobs, one to six individuals were selected for sampling on the basis of availability. Sampling was conducted for three days on the first shift and for one day on the second and third shifts. When more than one sample per job was obtained, the geometric mean was used to determine the dust level for job-within-plant. This was done for two reasons. Firstly, the geometric mean estimates the median ofthe distribution better than the Abrons, Petersen, Sanderson, Engelberg, Harber levels, where dust is the dependent variable, the analysis should be performed using logarithms, and the geometric mean is the antilogarithm of the arithmetic mean of these logarithms. Individuals, whether sampled or not, were assigned, as their current exposure level, the geometric mean for their jobwithin-plant.
DATA ANALYSIS
For ventilatory function, linear models analysis was used, with adjustment for sex, race, age, height, smoking status, and pack-years of cigarettes. "Plant" was included in the model to adjust for possible interplant differences in outcome resulting from other confounding factors such as population differences or unmeasured exposures. Tests of significance were made with the F test.
For symptoms, logistic analysis was used. This was similar to the linear models analysis; however, the dependent variable was fn(P/(l-P)), where P is a symptom prevalence. Adjustment was made for sex, age, smoking status, and pack-years of cigarettes. Plant was excluded from the model because, for certain symptoms, some plants had prevalences of zero, which would have prevented estimation and testing. Outcomes were expressed as adjusted odds ratios (ORadj) and tested for significance by the likelihood ratio chi-squared test.
Three types of comparisons were made. The first compared cement workers with controls. The second examined differences among the cement plant areas, using as the exposure variable the area in which each cement worker had served the majority of his cement plant tenure. If no single area accounted for a majority, the worker was placed in the "mixed" category. Because we were interested in the effects of chronic exposure, this analysis was done only for cement workers with at least eight years of tenure. For the third type of comparison, an exposure response surface for cement workers was fitted using current respirable or total dust level, job tenure, and the interaction-that is, the product-of dust level and tenure. Tenure was separated between current cement job and previous cement jobs because the current dust levels probably had less validity for jobs performed in the past. In all cases differences were considered significant when the p values were less than or equal to 0-05. Further details are given in the appendix.
Results
CURRENT ENVIRONMENTAL EXPOSURES
A total of 101 1 personal respirable dust samples and 21 Table 5 shows the demographic characteristics and smoking habits of the cohort.
The interplant variations of the prevalence of chronic bronchitis and of FEV, among the control plants were tested with the logistic and linear models after adjusting for confounding variables. There was no significant interplant variation, indicating that with respect to these characteristics the control plants could be regarded as samples from the same population.
CEMENT WORKERS V CONTROLS Table 6 shows the crude prevalences and adjusted odds 
The relation was also significant among the 1040 subjects with total dust measurements but the estimated coefficients were less precise because the sample size was smaller. The prevalence of wheezing was positively related to current respirable dust concentration and tenure (p < 0 05). The adjusted odds ratio was: ORadj = e°l 0205(RD) + oOO2t(PJT) For neither chronic phlegm nor wheezing were the interactions of the significant exposure terms and smoking status significant, indicating that the odds merely a greater propensity of exposed individuals to perceive and report symptoms.
Our results with respect to ventilatory function agree with those of Rasmussen et al,4 who found no differences in the spirometric measurements of Danish cement workers and other blue collar workers with similar smoking habits. With respect to both ventilatory function and symptoms, however, our results differ from those of Kalacic,'2 who found a higher prevalence of chronic bronchitis and airflow obstruction in both smoking and non-smoking Yugoslavian cement workers than in corresponding controls. Kalacic's data are compared with ours in table 9. Using our smoking specific rates as the standard, the indirectly adjusted Yugoslavian expected prevalence of chronic bronchitis with obstruction was 46%, which is significantly lower (p < 0-01) than the 11-2% observed in Kalacic's study. Therefore, the higher Yugoslavian prevalence was unlikely to have been due to differences in smoking, and probably reflected their considerably higher dust exposure (M Saric, unpublished observations).
The inclusion of "plant" in the model for data analysis should not have obscured or removed effects due to the exposure variables in the model such as job tenure or current dust concentration. It is possible, however, that the plant effect, which was always significant in the spirometry analysis, could in fact have been related to some other exposure. Because the data were collected by cluster sampling, the plant effect was confounded with time, and thus its significance could have had several possible origins. We were unable to find any clear patterns, however, with respect to the order of data collection, pulmonary function technicians, or known exposures.
It is unlikely that our negative findings were due to the masking of true effects ofexposure to dust. Firstly, the effect of dust was probably not obscured by low tenure, because the median tenure of the cement workers was 10-9 years (range: 0 to 45-3). Secondly, the control group was selected with care so that the prevalence, nature and intensity ofexposure to inhaled substances closely resembled the background exposure ofthe cement workers to non-cement inhaled substances. Had we not chosen controls with such background exposures, we could not have conducted a valid test of the respiratory effects of cement dust per se, because any observed differences could have been attributed to the cement workers' exposure to noncement inhaled substances as well as to cement dust. That we were consistently able to select controls with similar low levels of exposure to non-cement inhaled substances is supported by the lack of significant differences in adjusted chronic phlegm prevalence and FEV, among control plants. Thirdly, there is little likelihood that we failed to detect true differences in key variables due to type II errors. For FEV,, the estimated power to detect a true difference between the groups of 0 I I was 0 90. For chronic phlegm, the estimated powers were 0-65 and 1-00 for true odds ratios of 1-3 and 1 6 respectively. For chronic bronchitis with obstruction, the estimated power was I 00 for a true odds ratio of 2-67, representing the relative risk corresponding to a 0-05 rise in prevalence among cement plant workers over controls. Finally, we think that the validity of our findings is strengthened by the high rate of participation by the cement workers and by the adjustment for confounding variables.
As a cross sectional study, however, our data are subject to inherent potential bias due to the possible prior withdrawal of susceptible individuals from the exposed population (the "survivor effect"). The influence of this potential bias cannot be estimated without either a longitudinal study or the examination of former workers.
Considering the lack of differences between the cement workers and the controls, we think that the implications of exposure response associations are of minor importance. The association, however, of chronic phlegm with previous job tenure suggests a possible relation between exposure to cement plant dust and industrial bronchitis. 
